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TECHNICAL NOTE NO, 971

FATIGUE TESTS ON 1/8-INCH ALUMINUM ALLOY RIVETS

" By H. J. hAndrews and M. Holt
INTRODUGCTION

For a number of years the Aluminum Company of America
has been investigating in the Aluminum Research . Labdratories
the fatigue characteristics of riveted joints in aluminum
&lloy sheet. Because of the general interest of aircraft
manufacturers in these tests, the NACA published some of
the results. Roeference 1 presents fatigue data from tests
of 175-T and 535-T spocimens with rivets hav1ng diameters'
of 1/4 inch or more.

The purpose of the prosent Treport is to summarize 8ll
the results of fatigue'tosts that have been made to date
in the Alyminum Research ILaboratories of lap Jjoints having
1/8-inch aluminum alloy rivets. The rivet materials used
were 175-T7, Al17S-T, and 248S-T alunminum alloys, while the
plate materials were 2435-T and alclad 245-T,.

APPARATUS AND TBSTS

All the Jjoints tested were lap Jjoints 1in 2485-T or
alclad 245-T aluminum alloy sheet, 1 inch-wide~and coﬂ— .
taining one 17S-T, A17S~T, or 24S—T rivet per Joint. - The
total lap in each case was 1/2 inch, giving an edge dis—
tance in the direction of stressing equal to 1/4 inch or
two times the nominal rivet diameter., Table I gives a de—
scriptive 1list of the test specimens., All tésts were
made in a rotating-beam—type machine giving a complete’
reversal of load tending to shear the rivets.

Figures 1 and 2 show photographs of ,the fatligue test-
ing machines used. The machine shown in figure 1 was
designed and built at the Aluminum Research Laboratories
in 1930 and is described inm reference 2. Thie machine
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was 1ntended originally ‘for” testing rotating beam speci-
-mens having a maximum digmeter of 2 inches, but 1t has
been provided with.special-fiixtures (shown in fig. 8) for
testing Joints. The machines shown in figure 2 were de~—
signed and built at the Aluminum Research Laboratories in
1942 and..are. specifiically intended.for use in tests of
Jointe ‘using the fixtures shown in figure 4.

The procednré'for testing Jjoints is the sane in each
of the two machines., In each test, four Jjoints are bolted
to the fixtures and the assembly sub jected to a uniform
bending moment and rotated about the axis of the fixtures.
This procedure subJjects each individual joint to & com—
Plete reversal of load during each cycle, The machine,
shown in figure 1 operates at 1400 rpm and.. the.machine :
shown ‘in figure 2 at 1780 rpn. , Zach is equipped w1th &
switceh .which automatically turns off the current o the__
machine when a specimen falls.| .. Co e b

. Usually only one. of the four Jjcints falls in fatigue.
and this then prec1pitatos the failure of the .other three
Jjoints. It is sometimes difficult to determine the loca—
tion, oﬁ.dnitlel failurse., whether in the rivet or the
sheet because the 301nts are. mutilated considerably by,
the time the rotating beam,, finally stops. Such cases are
reported as - combination1failure. Usually, however, the
location of initial failure is de*irite. R - :

SUMMARY OF R SULTS

Table I summarizes the test results of 1/8-inch
diameter rivets, with information on alloy and type of
rivet, sheeft. alloJ and thicrness, preparation of the
rivet holes, and type.of failure, The data- have boen
plotted. in figures 6 to 14.. : : . -

) Table II gives the fatigue strengths as indica ed
by the curves.of figures b5 to 14, for. certain nunbers of
cycles. of stress. The joints are listed in,the order of
decreasing strengths under static loading.=

, The data.presented in this report suggest the fol-
lowing comparisons, a1+hough in sone cases_ the ev;dence -
is rather meager. S Co T S

1. For 17S;T and A175-T rrtets, the 3oints can be
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divided into three groups according to strength, the
strongest being those in dimpled sheet, the nsxt strong—
est those with plain drilled holes, and finally those
with machine countersunk holes. The only exception is
item 9 with 0.040-inch~thick sheet machine countersunk
0.050 inch deep with rivets driven by NACA Method E of
refercnce 3. Since the depth of. countersink was greater.
than the thicknsess of the sheet, the shear arca of the
rivets in thesé Joihts“was greater than that of the other
joints, which accounts partially, at least, for their
higher strength.

2. The effect of the depth o6f the countersink on the.
strength of the joint could not be definitely ietermined
When the manufactured hezd is countersunk, the Joints
with full-thickness machine countersink are not as strong
as those in which the countersink is only three-~fourths
the thickness of the sheet. This probably results from
the high stresses developed by the feather edge obtained
with 2 full-depth countersink. When the driven head is
countersunk (NACA method of driving), the. joints with
more—than—full=fhickness machine countersink are. strongor;
than those. in whiech the countersink 18 ohly three—fourths
of the thickness of the sheet. The additional shear area
produced by the more—than—full thlckness countarsink-ap—
parently dffagts- any detrlmental effects of 8 feather
edge at,the.rim-of - “thre hole.

3. The joints with 178-T or AL7S~T rivetls .ln-dimpled
0.040-inck shéet failed by: tensile fatigue fracture of
the sheet. The Z4S<T rivets of item 2 wers. driven in
0.064—~inch sheet; consequently, the Jjoints failed by
shearing the rivets. As a rule, the Jjoints with plain
drilled holes falled by shearing the rivets; while in the
cage of those with machline—~countersunk holes the type of
fallure could not be definitely determined.

4, A conparison of items 1 and 3 indicates that the
fatigue strength of Jjoints in 24S-T sheet is a little
greater than that of similar Joints in alelad 245-T.

5. A comparison of item 3 with 4, and 5 with 7 in~
dicates that in static tests and in fatiguo tests of
small numbers of cycles (high stresses) 175-T rivets are
stronger than A175-T rivets; whereas for large numbers
of cycles (low stresses) the strengths are practically
the sane.
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6. A comparison of 'items 8 and 10 indicates that, when
the fatigue fadilures occcur in the rivet, the thickness
of the sheet, whother 0.051 inch or 0.064 inch, is rela-—
tively unimporiant excep:t in the fatigue tests at high
stresses (low nunber of cycles). In this cese the use of
thicker sheet rogults in a stronger joint.

7. A comparison of iiems 2, 5, and 8 indicates that
245=T rivets aro stronger in fatigue than 175-T and
A178-T riveots.

Aluminum Rnsadrch Laboratories,
Aluminur Company of America,
ew Xensington, Pa., July 25, 1944.
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LErE 1

FATIGUE TEST RESULTS ON 1/6-IN. DIAMETER ATUMINTA{ ALLOY BIVEYS. (All fatigus tests made on 1-in. wide lap joints in slumimm alloy
sheot with one rivet per joint. Tests mods under pomplsie ravarsal of load. All stetic tests made on l-in. wide lsp joints in aluninum
alloy sheet with two rivets per jolnt. Edge distsnce parallel to load 1/4 in.)

. Naminal Location of Initial
Item | Rivet Types of Hesds | Sheet Alloy Sheet. Preparation of Holes No, of Cycles Fallure
No. | Alloy |Manufactured | Driven Thicknesa
1¥ 178-T Ctak, 100° | Flat 243.-T 0.040 Dimplad, 100° ctek Static test rivet
y . 88 500 shoet
cALT e 140 600 shest
. T 212 800 sheat;
223 100 shest,
490 500 sheat,
[ BC 5659 10D sheet.
105 097 00D No failure
2 245~T | Button Flat 2431 0,084 |[Drilled Static test rivet
A 1 500 300 rivet
RS 752 800 rivet
F 7 500 900 rivet
8 135 200 rivet
? 3 229 800 rivet
. 87 578 500 No failure
3% | 179-7 | Ctek, 100° | Flat Aleo245~T 0,040 | Dimpled, 100° ctek o Static test thvet
r 90 800 sheet
03§ - 407 200 ahoet
Ve 1 575 800 shest,
1 624 000 shaet
7 704 800 aheet
50 044 400 shoet
23 856 500 aheet
43 AX7S-T | Gtak, 100° Flat Alc,245-T 0.040 |Dimplsd, 100° otak Static test rivst
L P 152 600, Bheet,
P 408 600 sheat
» 5 1 767 800 ahoet,
6 834 500 sheat
, 249 216 800 Sheat,
A5 111 872 600 No failure
% mosta made in fatigue temting machine shown in figure 2. Other iests made in Tatigus testing machins shown in figure 1.
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TABIE L (Oont'd.)

- ITtem
Xo.

Rivet
AMloy

Types of &
Marmfaotured | Driven |

gheet Alloy

Fominal
sheet
Ehicknees

Preparation of Holes-

¥o. of CGycles

Looation of Initial
Teilure

I73-T

A173-7
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Button
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rivet -
rivet
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rivet
rivet
rivet

rivet
rivet
rivet
rivet
rivet
No fallnre

rivet
rivet

rivet
rivet

Fo fallure

¥ Tests wads in fatigue testing mechine shown in figure 2. Other tests made in Ffatigus testing machins shown in figure 1.
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TABIE I (Concluged)

Item
Xo.

Rivet
Alloy

%ypes of Heads -

Marrafactorsd

Driven

Shest Alloy

Fordnal
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Thicknenas

Preparation of Holes
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Bivet,
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No. of Cycles

Location of Initial
Fallore

10

AL78-T

1782

A75-7

X757
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Flat
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0.051 Drillsd
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* Tosts made in fatigne testing machine shown in figure 2. Other tests made 1n fatigus
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TADLE 11
SUMMARY OF STATIC ARD FATIGUE TEST RESULTS ON )/B-IN, DIAETER ALUMINUM ALIOY RIVEYS. ALL FATIGUE

TESTS MADE UNIER COMPLEZTE REVERSAL OF IOAD. EDGE DISTAKCE PARALIEL TO 104D 1/4 IN,
Mo m v e m ';::l e sm, ‘———u-h""‘“‘—"‘" us_Strength, 1b/rivet
m:::.:ou, Ib/rivet. | 10%cyoles | 10%cycles | 107eyeles
1 175t | ctek, 100° flat 245~ | 0.040 d, 581 250 S* 155 5 137 8
2 245-T | button fiat 2431 | 0,064 mn::* 580 256 B 185 R 158
s 173~ | otsk, 100° flat | Ale,248-7) 0,040 ddmpled, 572 252 8 152 8 100 8
4 AL7S-T | etsk, 200° flat | Ale.48-T| 0.040 d]ggplg:k E16 265 8 170 3 115 8
5 | 751 | button flat | Alo.24s-1{ 0,040 putyen 198 260 C 150 ¢ 104 €
7 AL7S-T | brasier flat | Alc,245-7| 0,040 arilled M5 250 R 153 B 96 R
8 | AL7s-r | butbon flat | 24S-T 0,064 drilled 451 178 B 18R 92 R
9 A273-T | butten ctak,60° | 2451 0.040 machins ctsk, 421 202 R 120 R 106 B
30 | Avs-r | button fat |25 |oost | Carnied 416 42 R 125 B 107 B
1 | ars-r | otek, 100° fiat | Ao,2s-7| 0.0 sachine ctak, 02 1690 ¢ 128 ¢ 100 €
12 | AL7S~T | button otek,60° | 243 0.040 :(:hdg:tdc, 388 193 B 19 B gs R
13 | 175-r | otak,100° flat | Alo.24S-T| 0.040 :;g:g;ed::ﬁx, 579 158 R 202 8 ®C
full depth

# 3 indicatess initial fallure in the sheet, R in the rivet, and C & combination failure,
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Lo Figure 1.~ Fatlgue testling
' H& CRREY | | machine of rotating
o | o si .|, beam ¥ype designed and built
T i d |l at Alumimm Researoh LaboX -
: agtories in 1930.

rami P
| SN N TP S Y

Figure 3.~ Fixtures for loading
riveted jointe in

fatigue teating machine shown

in figure 1.

[
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Figure 2.- Fatigue testing maochines of rotating beam type

designed and built at Aluminum Research Iabora-
tories in 1943. .
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testing machine shown in figure 3.

Flgure 4.- Fixtures for loading riveted joints in fatigue
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Load per‘givet, 1b
)
S

200

Ttem 1, table I
Rivet alloy -« 173-T
. ) . ¢ Jra M'f'd head - 1000 ctsk
=y Static chear = [&-6 S Driven head - flat
B N Sheet alloy - 245-T
T~ Sheet thickness - 0.040 in.
h\“‘~\\\ Holes - dimpled, 1000 ctsk
.
.
S~
. \
%0
N
\ ’*..
1 10 102 10° 104 102 106 107 108
Cycles
Figure 5.- Shear fatigue tests of 1/8-in. diameter aluminum alley rivets.
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Load per rivet, 1b

200

[ |
—

=-- Static shear —

>

Item 2, table I

™

N

Sheet thickness
Holes - drilled

Rivet alloy - 245-T
M'f'd head - button
Driven head - flat

Sheet alloy - 248-T
- 0.064 in.
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Figure 6.- Shear fatigue tests of 1/8-in. diameter aluminum alloy rivets.
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Lond per rivet,'lb

200

Item 3, table 1
. — Rivet alloy - 175-T
{7 Stabic shear =3 I'£'d head - 1000 ebsk
“‘T ~ Driven head - flat
~ Sheet alloy - Alc. 245-T
o~ ~ Sheet, thickness - 0.040 in.
S~ Holes - dimpled, 1000 otsk
~ |’
™~
) ™~
™.
\\
‘\&\\b\\w. -
R
1 10 102 105 104 105 106 107 108
Cyeles

Figure 7.- Shear fatigue tests of 1/B-in., diameter aluminum alloy rivets.
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800
Ttem 4, table I
600 Ri'et alloy - .A].?S"T
__ M'f'd head - 1000 ctsk
o - Static shear ¥ 7¥% 4e: Driven head - flat
~ L Sheet alloy ~ Ale. 24S-T
iy — ~ Sheet thickness - 0.040 in.
2 ~d Foles - dimpled, 100° ctek
el .
1400 =l
M ™~
s o
~ r
2 <
P \
200 - > —
\_ﬁ_ﬂ_*
0 1 10 102 109 104 109 106 107 108
Cycles

Figure 8.- Shear fatigue tests of 1/8-in. diameter aluminmm alloy rivets.
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- Load per rivet, 1b

>
o
o

200

o[ Static shear . sy
~

\

-

TR

—

N~

Item 5, table I
Rivet alloy - 178-T
M'f'd head - button
Driven head - flat .
Sheet alloy - Ale. 248-T

Sheetv thickness - 0.040 in.
Holes - drilled

N

\?‘&&_h

1 10

102

105

104
Cycles

105

106

107

108

Figure 9.- Shear fatigue tests of 1/8-in. diameter aluminum alloy rivets.
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Load per rivet, 1b

200

Ttem 7, table I
Rivet alloy - Al7S5-T

M'f'da head - brazier
Driven head - flat

Sheet alloy - Alelad 248-T
Sheet thickness - 0.040 in.

«7[” Static shear Iy oo Holes - drilled
T—
C—
\_h_
\ n
[~
.
}0\
S~
(]
1 10 102 103 104 105 106 107 108
Cycles

Figure 10.- Shear fatigue tests for 1/8-in. diameter aluminum alloy rivets.
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800
Item 8, table I
600 Rivet alloy - Al78-T
M'f'd head -~ button
a Driven head - flat
pr Sheet alloy - 248-T N
- ) . R Sheet thicknesas - 0.064 in.
0 o] Statio shear - |5 Holes - drilled
b ! -
ot ——
ks i
a, —
[~
3 ™~
3 ™~
200 \Ehk
\\*k\\°‘n-g%
: —ts
0 1 10 102 10% 104 109 106 107 108
' Cycles :

Figure 11.- Shear fatigwe tests of 1/8-in., diameter aluminum alloy rivets.
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g

Load per rivet, 1b

200

Ttems 9 and 12, table T
Rivet alloy - AL73-T
M'f'd head - button

Driven head - 800 of alk

AdJA A W WAL - W W LA

Sheet alloy - 248-T
Sheat thickness - 0.040 in.
Holenm -

A machine ctsk 0.030 in. deepnit
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Figure 12.- Shear fatigue tests of 1/B-in. diameter aluminum elloy rivets.
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Load per'givet, 1b
S
o

800

600

200

Item 10, table 1
Rivet alloy - AL78-T

M'f'd head - button
Driven head - flat
Sheet alloy - 248-T -

Sheet thickness - 0.051 in.
Holes - drilled

.-- Static shear j'ﬂ}“
AN
N
~ b
‘x\\\\
~d_
o
M\; .
1 - 10 102 104 109 106 107 108
Cycles

Figure 13,- Shear fatigue tests of 1/8-in. diameter aluminum alloy rivets.
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600

Load per rivet, 1b -
S
<

200

Ttems 11 and 13, table 1
Rivet alloy - 175-T
|M*f*'d head - 1000 ctak
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) I Driven heed - flat
: S8heet alloy - Ale, 245-T
Sheet thickness - 0.040 in.

Holes - S

4~ Static shear ' - ‘4 machine ctsk 3/4 depth - *

) Y A T + | o machine ctsk full depth ... '
13 %

Ny

~N

——0—°

1 0 102 109 108 105 106 107 108
Cycles : '

Figure 14.- Shear fatigne teats of 1/8-in, diameter alumimm alloy rivets.
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